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SYSTEM AND METHOD FOR EMPLOYING
A GLOBAL BIT FOR PAGE SHARING IN A
LINEAR-ADDRESSED CACHE

RELATED APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 09/753,330 entitled “System and Method For
Employing a Global Bit For Page Sharing in a Linear-
Addressed Cache” filed on Dec. 29, 2000, now U.S. Pat. No.
6,560,690 1ssued May 6, 2003 and 1s related to U.S. patent
application having Ser. No. 10/104,815 entitled “Use of a
Content Identifier in Cache Memory,” filed on Mar. 22,
2002. both are currently pending.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to computer technology,
and more particularly, to improving processor performance
In a computer system.

2. Background Information

The use of a cache memory with a processor facilitates the
reduction of memory access time. The cache memory may
be configured, among others, as an 1nstruction cache, a data
cache, or a translation lookaside buffer (cache that stores
recently used page-directory and page-table entries). The
fundamental 1dea of cache organization is that by keeping
the most frequently accessed 1nstructions and data in the fast
cache memory, the average memory access time will
approach the access time of the cache. It 1s generally
understood that memory devices closer to the processor
operate faster than memory devices farther away on the data
path from the processor. However, there 1s a cost trade-off in
utilizing faster memory devices. The faster the data access,
the higher the cost to store a bit of data. Accordingly, a cache
memory tends to be much smaller 1n storage capacity than
main memory, but 1s faster in accessing the data.

A virtual memory environment allows a large linear
address space to be simulated with a small amount of
physical memory (e.g., random access memory or read-only
memory) and some disk storage. When a process references
a logical address 1n memory, the processor translates the
logical address 1nto a linear address and then translates the
linear address into a corresponding physical address. The
physical address corresponds to a hardware memory loca-
fion. A linear-to-physical address translation involves
memory management hardware translating the Ilinear
address to the physical address. The linear-to-physical
address translation 1s time consuming as it uses a memory
access (€.g., the memory access may be to a cache or main
memory) and waiting for this translation before performing
an action (e.g., performing a cache lookup) increases the
Memory access time.

In order to decrease memory access time, a cache may be
organized as a linear-addressed cache where the linear
address of the memory request 1s used for the cache lookup
rather than the physical address. The linear-addressed cache
forgoes the linear-to-physical address translation before per-
forming the cache lookup. Forgoing the linear-to-physical
address translation decreases the memory access time. When
using the linear-addressed cache, the linear-to-physical
address translation 1s still performed because the physical
address resulting from the translation is used to validate the
data accessed in the cache using the linear address (i.e.,
check to ensure that the correct memory locations are
accessed), but this linear-to-physical address translation is
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2

performed 1n parallel with the cache lookup. Performing the
linear-to-physical address translation in parallel with the
linear-addressed cache lookup 1improves the memory access
time as the translation overhead 1s minimized due to the
overlap with the linear-addressed cache lookup.

More than one process may execute on a Processor.
Typically, the linear-addressed cache 1s flushed when the
processor switches from executing one process to executing
another process. A cache flush occurs when the processor
writes the valid and current information from its cache back
into main memory. The cache flush diminishes processor
performance as the processor may have to wait for comple-
fion of writes to the main memory. Moreover, data that
would have been accessed after the cache flush that was in
the cache before the flush now has to be brought back into
the cache. Therefore, cache flushes are avoided whenever
possible 1n order to 1ncrease processor performance.

If a cache flush 1s not performed whenever a process
switch occurs, then the linear-addressed cache may suffer
from linear address aliasing. Linear address aliasing occurs
when two separate processes running on the processor
accesses the same cache line but those linear addresses map
to different physical addresses (e.g., process one accesses
linear address A and process two accesses linear address A
but linear address A maps to different physical addresses).
When linear address aliasing occurs, if the physical address,
ogenerated by performing a linear-to-physical address trans-
lation of the linear address, does not match a physical
address within the tag of the cache line whose tag matches
the linear address, then a data block referenced by the linear
address 1s brought into a linear-addressed cache from a
storage device at a higher level 1n the memory hierarchy
(e.g., main memory or the hard disk). This memory access
(resulting from the linear address aliasing) to the slower
storage device at the higher hierarchical level decreases
processor performance.

In order to reduce linear address aliasing, a process
identifier that 1s unique to a process can be combined with
the linear address to form an adjusted linear address. By
combining the process identifier that is unique with the
linear address, the resulting adjusted linear address provides
a high probability of no aliasing. However, treating all
accesses to a linear-addressed cache the same by combining,
a process 1dentifier that 1s unique with the linear address can
lead to replication of a shared data block (i.e., two or more
processes use a data block whose physical address i1s in
shared memory space). Because cache memory reduces the
memory access time, storing only unique data blocks (i.e.,
shared data blocks are stored only once in the linear-
addressed cache memory) decreases the memory access time
as more unique data blocks in the linear-addressed cache
result 1n fewer cache misses; the cache miss results 1n an
Increase 1n memory access time because of the resulting
access to a slower storage device at a higher level in the
memory hierarchy. Because cache memory i1s expensive,
duplicating shared data blocks in the linear-addressed cache
memory 1s not cost-effective.

For the foregoing reasons, there 1s a need to differentiate
between shared data blocks and non-shared data blocks and
how the shared data blocks and the non-shared data blocks
are accessed and stored 1in a linear-addressed cache that 1s
configured to reduce the problem of linear address aliasing.

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a linear-to-physical address translation 1n
which a page table 1s not used to obtain the physical address.
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FIG. 2 shows a linear-to-physical address translation in
which a page table 1s used to obtain the physical address.

FIGS. 3, 3A, and 3B cooperatively show a block diagram
of a global/non-global-linear-addressed cache memory sys-
tem according to an embodiment of the present invention.

FIG. 4 shows a block diagram of a global/non-global-
linear-addressed cache memory replacing system according
to an embodiment of the present 1nvention.

FIGS. 5, 5A, 5B, 5C, and 5D cooperatively show a

flowchart describing the process for accessing and replacing
a cache line within the global/non-global-linear-addressed
cache memory according to an embodiment of the present
invention.

DESCRIPTION

In linear-addressed caches that are configured to reduce
linear address aliasing, more efficient utilization of limited
cache memory occurs by not redundantly storing data blocks
that are accessed by two or more processes. In order to
prevent duplicate storage of a shared data block in a linear-
addressed cache memory configured to reduce linear address
aliasing, in an embodiment of the present invention, a value
indicating whether the data block 1s shared or non-shared
determines 1f the linear address referencing the data block 1s
combined with a process 1dentifier that 1s unique to a
process. If the value indicates that the data block 1s non-
shared, then a portion of the linear address referencing the
data block 1s combined with a process identifier that is
unique to form a global/non-global linear address. If the
value 1ndicates that the data block 1s shared, then the
global/non-global linear address 1s the linear address 1itself.
In this embodiment, 1t 1s assumed that data blocks shared
among two or more processes have the same linear address,
as 1s the case with operating systems running on an Intel
Architecture 32-bit (“IA-327) architecture. The process
identifier may be combined with the linecar address by
methods that include, among others, concatenating or hash-
ing together the linear address and the process i1dentidier.

A predictor 1s used to predict whether the linear address
references a shared data block. The predictor 1s used because
whether a data block i1s shared 1s not known until a linear-
to-physical address translation 1s performed. This linear-to-
physical address translation results in a memory access (e.g.,
the memory access may be to a cache or main memory)
which 1s time consuming. Therefore, 1n order to avoid the
delay and the corresponding 1increase 1n memory access time
involved 1n the translation, the prediction as to whether the
data block 1s shared or non-shared i1s used 1n forming the
oglobal/non-global linear address. The tags of the linear-
addressed cache memory are searched using the predicted
oglobal/non-global linear address. In the midst of the linear-
to-physical address translation, the actual global/non-global
value 1s known and this value 1s compared to the predicted
global/non-global value. If the prediction was incorrect, then
the actual global/non-global value 1s used to form a
corrected-global/non-global-linear address and perform the
cache search again using the corrected-global/non-global-
linear address.

FIG. 1 shows a linear-to-physical address translation in
which a page table 1s not used to obtain the physical address.
Here, a process identifier 13 (e.g., a page directory base
pointer) holds the base physical address for a page directory
16. Each process has a unique page directory 16. Each
process also has a unmique process identifier 13. Process
identifier 13 1s used to access page directory 16. The
directory field of a linear address 10a provides an offset to
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a directory entry 28. Directory entry 28 includes an actual
oglobal/non-global value 337 that indicates whether the data
block (e.g., a page 22a) i1s shared among two or more
processes. For example, 1if actual global/non-global value
337 has a value of “1”, then the data block 1s shared among
two or more processes, but, 1f the actual global/non-global
value 337 has a value of “0”, then the data block 1s not
shared. Directory entry 28 provides a base physical address
for a page 22a. The offset field of linear address 10a

provides an offset to a physical address 25 within page 22a.

FIG. 2 shows a linear-to-physical address translation 1n
which a page table 1s used to obtain the physical address.
Here, process 1dentifier 13 1s used to access page directory
16. A directory field of a linecar address 106 provides an
offset to directory entry 28 in page directory 16. Directory
entry 28 provides a base physical address of a page table 19.
A table field of linear address 10b provides an offset to a
page-table entry 31. Page-table entry 31 includes actual
global/non-global value 337 that indicates whether the data
block (e.g., a page 22b) is shared among two or more
processes. For example, if actual global/non-global value
337 has a value of “1”, then the data block 1s shared among
two or more processes, but, if the actual global/non-global
value 337 has a value of “0”, then the data block 1s not
shared. Page-table entry 31 provides a base physical address
of a page 22b. The offset field of linear address 105 provides
an offset to physical address 25 within page 22b.

FIG. 3 shows a block diagram of a global/non-global-
linear-addressed cache memory system according to an
embodiment of the present invention. In this embodiment,
address combining device 313 combines a portion of linear
address 104, ¢.g., the directory field, with a process identifier
13 and this combination 1s mput into a multiplexing device
such as multiplexer 328. The portion of linear address 10a
(e.g., the directory field) 1s also input directly into multi-
plexer 328. Multiplexer 328 1s used to select one of the two
inputs as an output, the selection based on a value provided
by a global/non-global predictor 331.

Global/non-global predictor 331, coupled to multiplexer
328, predicts whether the data block referenced by linear
address 10a 1s shared or non-shared among two or more
processes. Global/non-global predictor 331 may be a satu-
rating counter, 1.€., a counter limited to a value of either
binary “0” or binary “1”. The value “0” may indicate that the
data block 1s non-shared, and the value “1” may indicate that
the data block 1s shared. Actual global/non-global value 337
1s found during the linear-to-physical address translation and
if this value indicates that the data block 1s non-shared, then
the saturating counter 1s decremented to “0”. In this case, for
the next cache memory lookup, global/non-global predictor
331 predicts that the cache memory lookup references a
non-shared data block since the saturating counter has a
value “0”. If during the linear-to-physical address
translation, this prediction i1s found to be incorrect, then the
saturating counter 1s incremented to “1”. In this case, for the
next cache memory lookup, global/non-global predictor 331
predicts that the cache memory lookup references a shared
data block. In addition to the saturating counter, global/non-
oglobal predictor 331 may be, among others, a two-bit
scheme where the prediction must miss twice before 1t 1s
changed. Global/non-global predictor 331 may also be a
history array.

If global/non-global predictor 331 predicts that the data
block 1s shared, then multiplexer 328 selects as its output a
portion of linear address 10a (e.g., the directory field) that 1s
directly mput into multiplexer 328, and this output forms a

portion of global/non-global linear address 325. If, however,
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global/non-global predictor 331 predicts that the data block
1s not shared, then multiplexer 328 selects as 1ts output the
combination of the portion of linear address 10a (e.g., the
directory field) with process identifier 13, and this output
forms the portion of global/non-global linear address 325.
The remaining portion of global/non-global linear address
325 1s formed using the offset field of linear address 10a.

A global/non-global-linear-addressed cache memory 310
1s coupled to multiplexer 328. Global/non-global-linear-
addressed cache memory 310 includes cache lines, and each
of the cache lines mncludes a tag and a data block.

A global/non-global-linear-addressed cache coordinator
334 1s coupled to global/non-global-linear-addressed cache
memory 310. Global/non-global-linear-addressed cache
coordinator 334 compares a portion of global/non-global
linear address 325 to each of the tags of global/non-global-
linear-addressed cache memory 310 to determine if any of
the tags match. If one of the tags match, then the prediction
by global/non-global predictor 331 (“predicted global/non-
global value”) is compared to actual-global/non-global
value 337 which 1s found as shown in FIG. 1. If the
prediction was correct and the physical address within the
tag that matches equals the physical address obtained from
translating linear address 10a, then the data block corre-
sponding to the cache line whose tag matches 1s accessed
and this data block 1s transmitted to a requesting processor.

If none of the tags match the portion of global/non-global
linear address 325, and the prediction by global/non-global
predictor 331 1s correct, then a replacement policy selects
one of the cache lines for replacement and the data block of
that cache line 1s replaced with a data block from a storage
device as specilied by a physical address generated by
translating linear address 10a. The tag for the selected cache
line 1s a portion of global/non-global linear address 325 and
physical address 25 generated by the linear-to-physical
address translation of linear address 10a.

If global/non-global-linear-addressed cache coordinator
334 finds that the predicted global/non-global value does not
match actual-global/non-global value 337, then global/non-
global-linear-addressed cache coordinator 334 updates
global/non-global predictor 331. For example, if global/non-
olobal predictor 331 1s the saturating counter and has the
value “07, then global/non-global predictor 331 1s set to “1”.
Also, a corrected-global/non-global linear address 340 1s
formed using actual-global/non-global value 337 that is

cgenerated by performing the linear-to-physical address
translation shown 1n FIG. 1.

Address combining device 313 combines a portion of
linear address 10a (e.g., the directory field) with a process
identifier 13 and this combination 1s 1input 1nto multiplexer
328. A portion of linear address 10a (e.g., the directory field)
1s also 1nput directly into multiplexer 328. It actual-global/
non-global value 337 indicates that the data block 1s shared,
then multiplexer 328 selects as its output the portion of
linear address 10a (e.g., the directory field) that was directly
input, and this output forms a portion of corrected-global/
non-global linear address 340. If, however, actual-global/
non-global value 337 indicates that the data block 1s not
shared, then multiplexer 328 selects as 1ts output the com-
bination of the portion of linear address 10a with process
identifier 13, and this output forms the portion of corrected-
global/non-global linear address 340. The remaining portion
of corrected-global/non-global linear address 340 1s formed
using the offset field of linear address 10a.

Global/non-global-linear-addressed cache coordinator
334 compares the portion of corrected-global/non-global
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linear address 340 with each of the tags of global/non-
global-linear-addressed cache memory 310 to determine 1if
any of the tags match. If one of the tags match and the
physical address within the tag that matches equals the
physical address obtained from translating linear address
10a, then the data block corresponding to the cache line
whose tag matches 1s accessed and this data block 1s
transmitted to a requesting processor.

If none of the tags match the portion of the corrected-
oglobal/non-global linear address 340, then a replacement
policy selects one of the cache lines for replacement and the
data block of that cache line 1s replaced with a data block
from a storage device as specified by a physical address
ogenerated by translating linear address 10a. The tag for the
selected cache line 1s a portion of corrected-global/non-
olobal linear address 325 and physical address 25 generated
by the linear-to-physical address translation of linear address

10a.

FIG. 4 shows a block diagram of a global/non-global-
linear-addressed cache memory replacing system according
to an embodiment of the present invention. In this
embodiment, 1f the data block referenced by linear address
10a does not reside 1n global/non-global-linear-addressed
cache memory 310, then one of the cache lines, as selected
by a replacement policy, 1s replaced with an appropriate data
block fetched from a storage device at a higher hierarchical
level, and the tag for this cache line 1s set accordingly. If a
cache line 350 1s to be replaced, then for cache line 350, a
tag 356 1s generated and a data block 353 1s fetched from the
storage device at the higher hierarchical level.

Tag 356 1ncludes physical address 25 which 1s found by
performing the linear-to-physical address translation of lin-
car address 10a as described earlier 1n FIG. 1. Tag 356 also
includes a portion of global/non-global lincar address 3285.
Global/non-global linear address 325 1s formed by address
combining device 313 combining a portion of linear address
10a (e.g., the directory field) with a process identifier 13 and
this combination 1s 1input into multiplexer 328. A portion of
linear address 10a (e.g., the directory field) i1s also input
directly into multiplexer 328. If actual-global/non-global
value 337 indicates that the data block 1s shared, then
multiplexer 328 selects as 1ts output the portion of linear
address 10a (e.g., the directory field) that was directly input,
and this output forms a portion of global/non-global linear
address 325. If, however, actual-global/non-global value
337 indicates that the data block 1s not shared, then multi-
plexer 328 seclects as its output the combination of the
portion of linear address 10a with process 1dentifier 13, and
this output forms the portion of global/non-global linear

address 325. The remaining portion of global/non-global
linear address 325 1s formed using the offset field of linear

address 10a.

Data block 353 1s the data block referenced by linear
address 10a and because this data block did not previously
reside 1n global/non-global-linear-addressed cache memory

310, 1t 1s fetched, using physical address 25, from a storage
device at a higher level in the memory hierarchy.

FIG. § shows a flowchart describing the process for
accessing and replacing a cache line within global/non-
oglobal-linecar-addressed cache memory 310 according to an
embodiment of the present invention. In this embodiment, in
block 503, a global/non-global value of a data block 1s
predicted; the predicted global/non-global value 1s a predic-
tion as to whether the data block referenced by linear address
104 1s shared among two or more processes. In block 506,
a portion of global/non-global linecar address 325 1s formed
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by combining process 1dentifier 13 with a portion of linear
address 10a (e.g., the directory field) if the predicted global/
non-global value indicates that the data block 1s non-shared,
otherwise, the portion of global/non-global linear address
325 1s set to the portion of linear address 10a (e.g., the
directory field). The remaining portion of global/non-global
linear address 325 1s formed using the offset field of linear

address 10a.

In block 509, the portion of global/non-global linear
address 325 1s compared with each of the tags, each of the
tags correspond to each of the cache lines of global/non-
global-linear-addressed cache memory 310, to determine it
the portion of global/non-global linear address 325 matches
any of the tags. In conditional block 512, 1t 1s determined
whether the portion of global/non-global linear address 325
matches any tags. If one of the tags match the portion of
oglobal/non-global linear address 325, then 1n block 515, the
predicted global/non-global value 1s compared with actual
global/non-global value 337 obtained from translating linear
address 10a. In conditional block 518, 1t 1s determined 1if the
predicted global/non-global value matches actual global/
non-global value 337. If the predicted global-non-global
value matches actual global/non-global value 337, then in
block 521, 1f the physical address within the tag that matches
equals physical address 25 obtained from translating linear
address 10a, then a data block within the cache line corre-
sponding to the tag that matches the portion of global/non-
global linear address 325 1s accessed and that data block 1s
delivered to a processor.

If the predicted global/non-global value does not match
actual global/non-global value 337, then i1n block 524,
global/non-global predictor 331 1s updated accordingly. For
example, if global/non-global predictor 331 1s a saturating
counter that predicted that the data block 1s shared, but the
data block 1s 1n fact not shared, then the saturating counter
1s updated to predict, for the next prediction, that the data
block 1s not shared. In block 527, process 1dentifier 13 and
the portion of linear address 10a (e.g., the directory field) are
combined to form a portion of corrected-global/non-global
linear address 340 if actual global/non-global value 337
indicates that the data block 1s non-shared among two or
more processes, otherwise, the portion of the corrected-
global/non-global linear address 340 1s set to the portion of
linear address 10a. The remaining portion of corrected-

global/non-global linear address 340 1s formed using the
offset field of linear address 10a.

In block 530, the portion of corrected-global/non-global
lincar address 340 1s compared to each of the tags to
determine if the portion of corrected-global/non-global lin-
car address 340 matches any of the tags. In conditional block
533, 1t 1s determined 1f the portion of corrected-global/non-
olobal linear address 340 matches any of the tags. If the
portion of corrected-global/non-global linear address 340
matches any of the tags, then 1n block 536, if the physical
address within the tag that matches equals physical address
25 obtained from translating linear address 10a, then a data
block within the cache line that corresponds to the tag that
matches the portion of corrected-global/non-global linear
address 340 1s accessed and this data 1s delivered to the
processor. If the portion of corrected-global/non-global lin-
car address 340 does not match any of the tags, then 1n block
539, a data block within a cache line selected by a replace-
ment policy 1s replaced with a data block from a storage
device as specified by physical address 25 generated by
performing the linear-to-physical address translation of lin-
car address 10a. In block 542, the tag for the selected cache
line 1ncludes the portion of corrected-global/non-global lin-
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car address 340 and physical address 25 generated by
translating linear address 10a.

If the portion of global/non-global linear address 325 does
not match any of the tags, then 1n block 545, the predicted
global/non-global value 1s compared with actual global/non-
oglobal value 337 obtained from translating linear address
10a. In conditional block 518, it is determined if the pre-
dicted global/non-global value matches actual global/non-
olobal value 337. If the predicted global/non-global value

matches actual global/non-global value 337, then 1n block
551, a data block within a cache line that 1s selected by a
replacement policy 1s replaced with a data block from a
storage device as specified by physical address 25 generated
by translating linear address 10a. In block 554, the tag for
the selected cache line i1s set to imclude the portion of
oglobal/non-global linear address 325 and physical address
25. If the predicted global/non-global value does not match
actual global/non-global value 337, then the actions starting
with block 524 are performed as described earlier.

Although unlikely, linear address aliasing may still exist
when the process identifier 1s combined with the linear
address, and thus the replacement policy provides memory
coherency. This memory coherency may be done by, among
others, the following strategies: (1) ensuring that only one
copy of a data block 1s present 1n the cache at a given time
(i.e., remove duplicate data blocks mapping to the same
physical address); (2) invalidating duplicate copies of data
blocks on a write (i.e., remove duplicate data blocks if one

of the data blocks is modified); and (3) update all copies of
data blocks when one of the data blocks 1s written.

In an alternative embodiment, global/non-global predictor
331 1s not used to predict whether a data block referenced by
the linear address 1s shared and thus whether or not the linear
address 1s combined with a process 1dentifier. Rather, actual-
global/non-global value 337 1s used 1n determining whether
or not the linear address 1s combined with process 1dentifier
13. In this embodiment, actual-global/non-global value 337
1s obtained 1n the midst of the linear-to-physical address
translation and thus because 1t’s not immediately available,
the linear address 1s used to index the linear-addressed
cache. Actual-global/non-global value 337 1s used to deter-
mine whether or not the linear address 1s combined with
process 1dentifier 13 to form an adjusted linear address or
whether merely the linear address 1s used for the first tag
match. If actual-global/non-global value 337 specifies that
the data block 1s shared, then merely the linear address is
used 1n the first tag match. If actual-global/non-global value
337 specifies that the data block 1s non-shared, then the
linear address 1s combined with process 1dentifier 13 to form
an adjusted-lincar address.

A tag for each of the cache lines in linear-addressed cache
includes a physical address of the data block within the
cache line, and also a linear address or an adjusted-linear
address depending on whether the data block 1s shared. For
the first tag match, the linear address or the adjusted-linear
address formed by using actual-global/non-global value 337
1s compared to the linear address or adjusted-linear address
stored within the tag of the cache line that was indexed by
the linear address. If these two addresses do not match, then
the data block referenced by the linear address does not
reside 1n the linear-addressed cache and thus must be fetched
from the storage device at the higher level in the memory
hierarchy. If the two addresses do match, however, then the
physical address stored within the tag 1s compared to the
physical address obtained from performing the linear-to-
physical address translation. If these two addresses do not
match, then the data block referenced by the linear address
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does not reside m the linear-addressed cache and thus must
be fetched from the storage device at the higher level 1n the
memory hierarchy. If the two addresses do match, however,
then the data block referenced by the linear address does
reside 1n the linear-addressed cache and i1s sent to the
processor for processing.

In alternative embodiments, linear address 105 1s used
rather than linear address 10a, and 1n this case, the directory
field of linear address 105 1s combined with page directory
base pointer 13 to form a portion of adjusted-linear address
325. The table field and the offset field of linear address 10b
are the remaining portions of adjusted-lincar address 325. In
other embodiments, fields, other than the directory field, or
all of the linear address 1s combined with process 1dentifier
13 to form the adjusted-linear address, the global/non-global
linear address, or the corrected-global/non-global linear
address. Embodiments of the present invention are not
limited to combining linear addresses having the format of
linear address 10a or linear address 10b, but rather, linear
addresses of any format can be combined with process
identifier 13 to form the adjusted-linear address, the global/
non-global linear address, or the corrected-global/non-
olobal linear address. Also, the tag for each of the cache lines
may 1nclude all or a portion of the linear address, the
adjusted-linear address, the global/non-global linear
address, or the corrected-global/non-global linear address.
Therefore, all or a portion of the linear address, the adjusted-
linear address, the global/non-global linear address, or the
corrected-global/non-global linear address 1s used for the tag
matching.

Although embodiments are specifically illustrated and
described herein, it will be appreciated that modifications
and variations of the present mvention are covered by the
above teachings and within the purview of the appended

claim without departing from the spirit aid intended scope of
the 1nvention.

What 1s claimed:
1. A method comprising;:

predicting a global/non-global value of a data block
referenced by a linear address, the global/non-global
value indicating whether the data block 1s shared
among a plurality of processes;

combining a process identifier with the linear address to
form the global/non-global linecar address if the pre-
dicted global/non-global value indicates that the data
block 1s non-shared, otherwise, setting the global/non-
global linecar address to the linear address; and

comparing the global/non-global linear address with each
of at least one tag 1 order to determine 1if the global/
non-global linear address matches any of the at least
one tag, each of the at least one tag corresponding to
cach of the at least one cache line.

2. The method of claim 1, further comprising;:

if the global/non-global linear address matches a particu-

lar one of the at least one tag, comparing the predicted
oglobal/non-global value with an actual global/non-
global value obtained by translating the linear address;

if the predicted global/non-global value matches the
actual global/non-global value and 1f a first physical
address within the particular one of the at least one tag
that matches equals a second physical address gener-
ated by translating the linear address, accessing a data
block within a particular one of the at least one cache
line corresponding to the particular one of the at least
one tag that matches, otherwise, updating a global/non-
global predictor;
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combining the process 1dentifier and the linear address to
form a corrected-global/non-global linear address if the
actual global/nmon-global value indicates that the data
block 1s non-shared, otherwise, setting the corrected-
global/non-global linear address to the linear address;

comparing the corrected-global/non-global linear address
with each of the at least one tag to determine 1if the
corrected-global/non-global linear address matches any
of the at least one tag;

if the corrected-global/non-global linear address matches
a particular one of the at least one tag and if the first
physical address equals the second physical address,
accessing a data block within a particular one of the at
least one cache line that corresponds to the particular
one of the at least one tag that matches; and

if the corrected-global/non-global linear address does not
match any of the at least one tag, replacing a data block
within a particular one of the at least one cache line that
1s selected by a replacement policy with a data block
from a storage device as specified by the second
physical address, wherein the tag corresponding to the
particular one of the at least one cache line that 1s
selected includes the corrected-global/non-global lin-
car address and the second physical address.

3. The method of claim 2, further comprising;:

if the global/non-global linear address does not match any
of the at least one tag, comparing the predicted global/
non-global value with an actual global/non-global
value obtained from translating the linear address.

4. The method of claim 2, further comprising;:

if the predicted global/non-global value matches the
actual global/non-global value, replacing a data block
within a particular one of the at least one cache line that
1s selected by a replacement policy with a data block
from a storage device as specified by the second

physical address, wherein the tag for the particular one

of the at least one cache line that 1s selected includes the

global/non-global linear address and the physical
address, otherwise, updating the global/non-global pre-
dictor.

5. The method of claim 2, further comprising;:

combining the process 1dentifier and the linear address to
form a corrected-global/non-global linear address if the
actual global/non-global value indicates that the data
block 1s non-shared, otherwise, setting the corrected-
global/non-global linear address to the linear address.
6. The method of claim 2, further comprising:

comparing the corrected-global/non-global linear address
with each of the at least one tag to determine 1if the
corrected-global/non-global linear address matches any
of the at least one tag.

7. The method of claim 2, further comprising;:

if the corrected-global/non-global linear address matches
a particular one of the at least one tag and if the first
physical address equals the second physical address,
accessing a data block within a particular one of the at
least one cache line that corresponds to the particular
one of the at least one tag that matches.

8. The method of claim 2, further comprising:

if the corrected-global/non-global linear address does not
match any of the at least one tag and, replacing a data
block within a particular one of the at least one cache
line that 1s selected by a replacement policy with a data
block from a storage device as specified by the second
physical address, wherein the tag corresponding to the
particular one of the at least one cache line that 1s
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selected 1ncludes the corrected-global/non-global lin-
car address and the second physical address.
9. The method of claim 2, further comprising:

if the global/non-global linear address does not match any
of the at least one tag, comparing the predicted global/
non-global value with an actual global/non-global
value obtained from translating the linear address;

if the predicted global/non-global value matches the
actual global/non-global value, replacing a data block
within a particular one of the at least one cache line that
1s selected by a replacement policy with a data block
from a storage device as specified by the second

physical address, wherein the tag for the particular one

of the at least one cache line that 1s selected includes the

global/non-global linear address and the physical
address, otherwise, updating the global/non-global pre-
dictor;

combining the process identifier and the linear address to
form a corrected-global/non-global linear address if the
actual global/non-global value indicates that the data
block 1s non-shared, otherwise, setting the corrected-
global/non-global linear address to the linear address;

comparing the corrected-global/non-global linear address
with each of the at least one tag to determine 1if the
corrected-global/non-global linear address matches any
of the at least one tag;

if the corrected-global/non-global linear address matches
a particular one of the at least one tag and if the first
physical address equals the second physical address,
accessing a data block within a particular one of the at
least one cache line that corresponds to the particular
one of the at least one tag that matches; and

if the corrected-global/non-global linear address does not
match any of the at least one tag and, replacing a data
block within a particular one of the at least one cache
line that 1s selected by a replacement policy with a data
block from a storage device as specified by the second
physical address, wherein the tag corresponding to the
particular one of the at least one cache line that 1s
selected includes the corrected-global/non-global lin-
car address and the second physical address.

10. The method of claim 1, wherein:

the global/non-global predictor comprises at least one of
a saturating counter and a history array.
11. The method of claim 1, wherein:

the process identifier comprises a page directory base
pointer that 1s a physical address of a base of a page
directory.

12. The method of claim 9, wherein:

the actual global/non-global value 1s stored 1n a directory
entry, specified by the linear address, of a page direc-
tory.
13. The method of claim 9, wherein:
the actual global/non-global value 1s stored 1n a page-table
entry, specified by the linear address, of a page table.
14. The method of claim 1, wherein combining the
process 1dentifier with the linear address includes hashing
together the process identifier with the linear address or
concatenating together the process identifier with the linear
address.
15. The method of claim 14, wherein at least one of the
process 1dentifier 1s a portion of the process identifier, and

the linear address 1s a portion of the linear address.
16. The method of claim 9, wherein:

a portion of the global/non-global linear address 1s com-
pared with each of the at least one tag, each of the at
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least one tag includes a corresponding portion of the
global/non-global linear address.

17. The method of claim 9, wherein a portion of the
corrected-global/non-global linear address 1s compared with
cach of the at least one tag, ecach of the at least one tag
includes a corresponding portion of the corrected-global/
non-global linear address.

18. A system, comprising:

a global/non-global predictor to predict a global/non-
oglobal value of a data block referenced by a linear
address, the global/non-global value to indicate
whether the data block 1s shared among a plurality of
PrOCESSES;

a first multiplexer, coupled to the global/non-global
predictor, to select the linear address as a global/non-
global linear address 1f the predicted global/non-global
value 1ndicates that the data block 1s shared, and to
select a process 1dentifier combined with the linear
address as the global/non-global linear address if the
predicted global/non-global value indicates that the
data block 1s non-shared; and

a global/non-global linear-address cache coordinator,
coupled to the first multiplexer and the global/non-
global predictor, to compare the global/non-global
linear-address with each of at least one tag to determine
if the global/non-global linear address matches a par-
ticular one of the at least one tag, each of the at least one
tag corresponds to each of at least one cache line 1n a
global/non-global linear addressed cache memory.

19. The system of claim 18, wherein the global/non-

global linear-address cache coordinator,

if the global/non-global linear address matches the par-
ticular one of the at least one tag, compares the pre-
dicted global/non-global value with an actual global/
non-global value obtained from translating the linear
address; and

if the predicted global/mon-global value matches the
actual global/non-global value and if a first physical
address within the particular one of the at least one tag,
that matches equals a second physical address gener-
ated by translating the linear address, accesses a data
block within a particular one of the at least one cache
line corresponding to the particular one of the at least
one tag that matches, otherwise, updates the predicted
global/non-global value 1n the global/non-global pre-
dictor with the actual global/non-global value,
otherwise, compares the predicted global/non-global
value with the actual global/non-global value; and

if the predicted global/mon-global value matches the
actual global/non-global value, replaces a data block
within a particular one of the at least one cache line that
1s selected by a replacement policy with a data block
from a storage device as specified by the second
physical address, wherein the tag corresponding to the
particular one of the at least one cache line that 1s
selected 1ncludes the global/non-global linear address
and the second physical address, otherwise, updates the
predicted global/non-global value 1n the global/non-
oglobal predictor with the actual global/non-global
value.

20. The system of claim 19, further comprising;:

a second multiplexer, coupled to the global/non-global
linear-address cache coordinator, that, if the predicted
global/non-global value does not match the actual
global/non-global value, selects the linear address as a
corrected-global/non-global linear address if the actual
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global/non-global value indicates that the data block 1s
shared, and selects the process 1dentifier combined with
the linear address as the corrected-global/non-global
linear address it the actual global/non-global value
indicates that the data block 1s non-shared.

21. The system of claim 20, wherein:

the global/non-global-linear-addressed cache coordinator,
if the predicted global/non-global value does not match
the actual global/non-global value, compares the
corrected-global/non-global linear address with each of
the at least one tag to determine 1f the corrected-global/
non-global linear address matches a particular one of
the at least one tag;

if the corrected-global/non-global linear address matches
the particular one of the at least one tag and if the first
physical address equals the second physical address,
accesses a data block within a particular one of the at
least one cache line that corresponds to the particular
one of the at least one tag that matches; and

if the corrected-global/non-global linear address does not
match any of the at least one tag, replaces a data block
within a particular one of the at least one cache line that
1s selected by the replacement policy with a data block
from the storage device as speciiied by the second
physical address, wherein the tag corresponding to the
particular one of the at least one cache line that 1s
selected includes the corrected-global/non-global lin-
car address and the second physical address.

22. The system of claim 18, wherein:

the global/non-global predictor 1s at least one of a satu-
rating counter or a history array.
23. The system of claim 18, wherein:

the process 1dentifler 1s a page directory base pointer that
1s a physical address of a base of a page directory.
24. The system of claim 19, wherein:

the actual global/non-global value 1s found 1n a directory
entry, specifled by the linear address, of a page direc-
tory.

25. The system of claim 19, wherein:

the actual global/non-global value 1s found 1n a page-table

entry, specified by the linear address, of a page table.

26. The system of claim 20, wherein the process identifier
combined with the linear address 1includes the process 1den-
tifier hashed with the linear address or the process 1dentifier
concatenated with the linear address.

27. The system of claim 26, wherein at least one of the
process 1dentifier 1s a portion of the process identifier, and
the linear address 1s a portion of the linear address.

28. The system of claim 18, wherein a portion of the
global/non-global linear address 1s compared with each of
the at least one tag, cach of the at least one tag includes a
corresponding portion of the global/non-global linear
address.

29. The system of claim 21, wherein a portion of the
corrected-global/non-global linear address 1s compared with
cach of the at least one tag, each of the at least one tag
includes a corresponding portion of the corrected-global/
non-global linear address.
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30. A method for accessing one of at least one cache line
in a linear-addressed cache memory corresponding to a
linear address, comprising:

indexing a particular one of the at least one cache line
referenced by the linear address;

retrieving an actual global/non-global value obtained by
translating the linear address;

combining a process 1dentifier with the linear address to
form an adjusted-linear address if the actual global/
non-global value specifies that a data block referenced
by the linear address i1s shared among a plurality of
PrOCESSES;

comparing at least one of the adjusted-linear address and
the linear address with a first portion of a tag of the
particular one of the at least one cache line indexed; and

if at least one of the adjusted-linear address and the linear
address matches the first portion of the tag, comparing,
a second portion of the tag with a first physical address
generated by translating the linear address.

31. The method of claim 30, further comprising,

transmitting a data block within the particular one of the
at least one cache line to a processor if at least one of
the adjusted-linear address and the linear address
matches the first portion of the tag and the second
portion of the tag matches the first physical address.
32. The method of claim 30, further comprising,

replacing a data block within a particular one of the at
least one cache line that 1s selected by a replacement
policy with a data block from a storage device as
specified by the first physical address 1f at least one of
the adjusted-linear address and the linear address does
not match the first portion of the tag, and the first
physical address does not match the second portion of
the tag, wherein the first portion of the tag 1s at least one
of the adjusted-linecar address and the linear address,
and the second portion of the tag 1s a second physical

address of the data block from the storage device.
33. The method of claim 30, wherein:

the actual global/non-global value 1s obtained from at
least one of a directory entry, specified by the linear
address, of a page directory, and a page-table entry,
specified by the linear address, of a page table.

34. The method of claim 30, wherein:

combining the process identifier with the linear address
includes hashing together the process 1identifier with the

linear address or concatenating together the process
identifier with the linear address.

35. The method of claim 34, wherein:

at least one of the process identifier 1s a portion of the
process 1dentifier, and the linear address 1s a portion of
the linear address.

36. The method of claim 30, wherein:

at least one of a portion of the adjusted-linear address and
a portion of the linear address 1s compared with the first
portion of the tag.
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